In this study, the antibacterial effect of Cinnamon, Thyme and Lemongrass essential oils against Methicillin Resistant Staphylococcus aureus (MRSA) artificially inoculated into refrigerated minced beef was investigated. Sensory analysis indicated significant advantages in using these oils in refrigerated minced beef. Also, results indicated that the MRSA counts decreased as the concentration of the oil increases since the concentration (1.5%) gives the best effectiveness. In addition, a highly significant differences (P<0.05) as a result of oil treatments were noticed. The antibacterial activities of the added essential oils followed the order, Cinnamon > Thyme > Lemongrass oil. The shelf life of the treated samples was extended than control ones. In conclusion, these oils especially cinnamon one can be useful for commercial application as potential food preservatives and anti-MRSA agents in food.
(http://www.bvmj.bu.edu.eg) (BVMJ-32(1): 177-183, 2017)
INDRODUCTION
Meat is a nutritious protein-rich food which is highly perishable and has a short-life unless preservation methods are used (Olaoye and Onilude, 2010) . However, it gets easily contaminated by pathogenic microorganisms present in animal prior to slaughter. It is therefore important to make meat safe for consumers in terms of stability, transportation and storage (Lambert et al., 1991) . Food that contaminated with antibiotic resistant bacteria such as MRSA can be a major threat to the public health. The antibiotic resistance determinants can be transferred to other bacteria of human clinical significance (Threlfall et al., 2000) . Also the most of the nosocomial Staphylococcus aureus infections are caused by Methicillin Resistant Staphylococcus aureus (MRSA) strains and have become a widely recognized cause of morbidity and mortality throughout the world (Pesavento et al., 2007) . Although several synthetic food additives have been widely used in the meat industry to extend shelf life and delay or inhibit the growth of pathogenic microorganisms, the trend is to decrease their use because of the growing concern about such chemical additives. Essential oils are regarded as natural alternatives of chemical preservatives and their use in food meets the demands of consumers for mildly processed or natural products, since in modern food industries, mild processes are applied in order to obtain safe products which have a natural or "green" image (Burt, 2004) . Among the greater variety of essential oils lemongrass, thyme and cinnamon oils have gained greater acceptance among food technologists due to their better sensory evaluation and antimicrobial properties (Fisher and Phillips, 2006) . Cinnamon oil was reported to consist of many components such as cinnamaldehyde, eugenol, and linalool. Cinnamaldehyde was the predominant active compound found in cinnamon oil. Cinnamaldehyde leads to inhibition of N-3-oxohexanoyl-Lhomoserine lactone (3-oxo-C6-HSL) and AI-2 and has the potential to affect bacterial QS regulated processes (Niu et al., 2006) . Thyme oil is commonly used in foods mainly for its flavor and aroma. Also thymol which is found in thyme oil, it is active against E. coli and S. aureus and spoilage flora in meat products, completely stops the growth of fungi at low concentrations and inhibits the aflatoxin production, so it has a role as pharmaceutical and preservative (Soliman and badeaa, 2002) . Lemongrass oil is composed of three main components, the alpha and beta-citral components which elicit antibacterial action on Gram-positive and Gram-negative organisms, while the third component is mycrene which provided enhanced activities when mixed with either of the two main previously identified components (Onawunmi et al., 1984) .
Therefore, the main target of this work was to investigate the antibacterial activity of some essential oils especially Cinnamon, Thyme and Lemongrass oils against MRSA strains in minced beef.
MATERIAL AND METHODS

Preparation of essential oils:
The ready-made herbal oils of Cinnamon (Cinnamon Zeylanicum), Thyme (Thymus vulgaris) and Lemongrass (Cymbopogon citratus) (CAP PHARM) in different concentrations were prepared.
Preparation of bacterial strain:
Methicillin resistant Staph. aureus strain was obtained from Bacteriology Department, Animal Health Research Institute, Dokki, Giza, Egypt, then prepared at the recommended infective dose (> 10 5 CFU / g) (Stewart et al., 2003) .
Experimental application:
A grand total of 3 kg of fresh minced beef used in this study was divided into 30 samples (100 gm of each). Each sample was inoculated with S. aureus (10 6 CFU /g) Initial load of MRSA was detected before addition of essential oils. Essential oils of Cinnamon, Thyme and Lemongrass (%v/g) were added to the samples to achieve final concentrations of (0.5), (1) and (1.5%). Phosphate buffer saline was used for treatment of control (untreated) samples. Each sample was packed in polyethylene bag, labeled and stored at 4 °C. The experiment was conducted in triplicate. Pearson and Tauber (1984) and Patsias et al. (2006) . Heuvelink et al. (2009 ). 2.6. Statistical analysis: according to Feldman et al. (2003 . (1) showed that in case of using Cinnamon oil at concentration of 0.5%, 1% and 1.5% the scores of overall acceptability were 7, 6, 5, 4, 3 & 8, 7, 6, 5, 4 and 9, 8, 7, 6 , 5 at 3hrs., 1 st , 2 nd , 3 rd and 4 th day of the storage period respectively. While in case of using Thyme oil at concentration of 0.5%, 1% and 1.5% the scores of sensory evaluation were 7, 6, 5, 4, 3 & 8, 7, 6, 5, 4 and 8, 7, 7, 6, 4 7, 6, 5, 4, 3 & 7, 7, 6, 5, 4 and 8, 7, 6, 5, 4 It is evident from the results that obtained in Table ( 2) that the initial count of MRSA in minced beef samples after inoculation (at zero time) was 10.28 (log CFU/g). The inhibition of MRSA is related to the concentration of essential oils, since they declined when increasing the concentration of oil. In case of treated minced beef samples with Cinnamon oil in concentration of (0.5%), (1%) and (1.5%) the mean values of MRSA count (log CFU/g) were decreased to 8.27 ± 5.55, 7.65 ± 5.55, 6.77 ± 3.89, 5.92 ± 3.12, 4.55 ± 2.97& 7.33 ± 5.05, 6.42 ± 3.76, 5.83 ± 3.65, 4.73 ± 2.89, 3.97 ± 2.35 and 6.55 ± 4.22, 4.95 ± 2.58, 3.87 ± 2.81, 2.95 ± 2.03, 2.68 ± 1.14 at 3hrs, 1 (4±1ºC), respectively. While in treated minced beef samples with Thyme oil in concentration of (0.5%), (1%) and (1.5%) the mean values of MRSA count (log CFU/g) were decreased to 8. 68 ± 5.20, 8.32 ± 5.80, 7.38 ± 5.22, 6.63 ± 4.99, 6.22 ± 4.01 & 7.83 ± 4.99, 6.78 ± 4.85, 6 .42 ± 4.77, 5.56 ± 3.82, 5.14 ± 3.11 and 6.87 ± 3.67, 5.88 ± 3.22, 4.76 ± 2.95, 4.17 ± 2.83, 3.75 ± 1.88 at 3hrs., 1 st , 2 nd , 3 rd and 4 th day of the storage period (4±1ºC), respectively. Furthermore, in treated minced beef samples with Lemongrass oil in concentration of (0.5%), (1%) and (1.5%) the mean values of MRSA count (log CFU/g) were reduced to 8. 78 ± 6.16, 8.24 ± 5.55, 7.81 ± 5.05, 7.41 ± 4.85, 6.57 ± 4.23 & 7.92 ± 5.88, 7.29 ± 4.88, 6.75 ± 3.77, 6.23 ± 3.55, 5.81 ± 3.00 and 7.22 ± 4.01, 6.91 ± 3.78, 6.19 ± 3.56, 5.79 ± 3.22, 4 .34 ± 2.89 at 3hrs., 1 st , 2 nd , 3 rd and 4 th day of the storage period (4±1ºC), respectively. Comparing to mean values of MRSA count (log CFU/g) in control minced beef samples were 8. 86 ± 6.56, 8.95 ± 6.22, 9.65 ± 7.75, 9.93 ± 8.07 and 10.32 ± 8.54 As shown in Table ( 3) the reduction % of MRSA counts artificially inoculated into minced beef samples treated with Cinnamon oil (0.5%) increased to 19.55 %, 25.58 %, 34.14 %, 42.41 %, 55.47 %, in concentration of (1%) Table ( 3): Reduction % of MRSA count artificially inoculated into treated minced beef samples.
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This study was initiated to investigate the antibacterial activity of some essential oils against MRSA strains to determine their potential as candidates for use as antibiotics against MRSA bacterium by potential application in the food for the control of pathogenic bacteria. Sensory evaluation is an easy, quick and efficient method for getting idea about the quality of the product and its overall acceptance, sensory method was used to assess the degree of freshness based on organoleptic characteristics such as color, odor, texture and overall acceptability of the product (Haq et al., 2013) .
It is obvious from results obtained above that the sensory properties of different treated minced beef samples during cold storage (4ºC) were enhanced by increasing the concentrations of oils compared to the untreated (control) samples at zero, 1 The obtained results were referred to that the three essential oils (Cinnamon oil, Thyme oil and Lemongrass oil) have an antimicrobial activity against Methicillin Resistant Staphylococcus aureus (MRSA) as follow order, Cinnamon oil > Thyme oil > Lemongrass oil. These results come in accordance with that obtained by Fisher and Phillips (2006) who said that among the greater variety of essential oils lemongrass, thyme and cinnamon oils have gained greater acceptance among food technologists due to their better sensory evaluation and antimicrobial properties & Sue et al. (2008) who mentioned that essential oils have an inhibitory activity against MRSA strains, specially cinnamon, thyme and lemongrass oils which having the highest level of inhibition & Salem et al. (2010) who said that the garlic, thyme and lemongrass oils can be used as natural preservatives with both antimicrobial and antioxidant activities against food borne pathogens and spoilage organisms, and therefore may be useful in maintaining the meat quality, extending shelf life of meat products, preventing economic loss and providing the consumer with food containing natural additives, which might be seen more healthful than those of synthetic origin. They investigated the antibacterial effect of thyme oil and lemongrass oil in refrigerated minced beef, they noticed that the examined essential oils had considerable effectiveness in decreasing APC, Enterobacteriacea count, coliform count and Staphylococci count, also, their results indicated that the bacterial counts decrease as the concentration of the oil increases since the concentration 1.5% gives the best effectiveness & Sharma; who revealed that essential oils showed higher effectiveness inhibiting MRSA growth than vancomycin which is the currently used standard for treatment, specially wintergreen, cinnamon, thyme and lemongrass oils & Reham (2013) who said that the essential oils may be selected for use as potential food bio-preservatives and antimicrobials in minced meat and other foods, Moreover the examined essential oils (Cinnamon oil > Clove oil > Rosemary oil) are more active against Gram positive (S. aureus) than Gram negative bacteria (E. coli) & Plant and Stephens (2015) who concluded that Lemongrass, Thyme, cinnamon, Clove and oregano oils were found to be the most potent relative to the other Essential oils, and Abd El Fattah (2016) thyme > clove > garlic oils. Their antibacterial activity increases when increasing their concentration. Therefore, these essential oils may be selected for use as potential food biopreservatives and anti S. aureus agents in minced meat.
So the essential oils result in immediate reduction of bacterial population and might be more effective against food borne pathogens and spoilage bacteria when applied directly on foods ready to be used (Seydim and Sarikus, 2006) . But in order to achieve effective antimicrobial activity in direct food applications, high concentrations of essential oils are generally needed. It has been recently shown that antimicrobial activity of oregano and thyme essential oils was greater at acidic PH values and high concentrations of protein with a moderate level of simple sugars (Gutierrez et al., 2009) . With the increase of bacterial resistance to antibiotics, there is considerable interest in investigating the antimicrobial effects of essential oils against a range of bacteria, to develop other classes of natural antimicrobials useful for infection control or for the preservation of food. Thus essential oils are promising natural antimicrobial agents with potential application in the food or pharmaceutical industries for the control of pathogenic bacteria (Rahman and Kang, 2009) .
Essential oils of plants are of growing interest both in the industry and scientific research because of their antibacterial antiviral, antifungal, antioxidant, anti-inflammatory and insecticidal properties (Kordali et al., 2005; Mourey and Canillac, 2002) . Cinnamon oil was reported to consist of many components such as cinnamaldehyde, eugenol, and linalool. Cinnamaldehyde was the predominant active compound found in cinnamon oil. Cinnamaldehyde leads to inhibition of N-3-oxohexanoylLhomoserine lactone (3-oxo-C6-HSL) and AI-2 and has the potential to affect bacterial QS regulated processes (Niu et al., 2006) . It has also been shown that, eugenol limits the growth of microorganisms by inhibiting the production of certain enzymes needed for growth (Parasa et al., 2012) .
Thyme oil is commonly used in foods mainly for its flavor and aroma. Also thymol which is found in thyme oil, has been commercially available as part of mouth wash for more than hundred years. Besides, it is active against E. coli and S. aureus and spoilage flora in meat products, completely stops the growth of fungi at low concentrations and inhibits the aflatoxin production, so it has a role as pharmaceutical and preservative (Soliman and badeaa, 2002) .
Lemongrass is a rich source of citral, which is used in perfumery and pharmaceutical industries, and bioactive compounds (flavonides and vitamin C). The natural flavonoids are also attracting more and more attention not only due to their antioxidant properties, but as anti-carcinogenic and antiinflammatory agents because of their lipid antiperoxidation effects (Martin et al., 2002) . Also Lemongrass oil is composed of three main components, the alpha and beta-citral components which elicit antibacterial action on Gram-positive and Gram-negative organisms, while the third component is mycrene which provided enhanced activities when mixed with either of the two main previously identified components (Onawunmi et al., 1984) .
The damage of bacterial cell membrane is considered to be the main mode of antibacterial action of essential oils by their effect on morphology, structure, function, modification in the transport of nutrients, membrane disruption and extensive leakages from the bacterial cells leading to cell death (Cox et al., 2000; Moreira et al., 2005; Santiesteban-Lopez et al., 2007; Schelz et al., 2010; Sikkema et al., 1995; Ultee et al., 2002 ) (Bajpai et al., 2012 . Some authors said that considering the large number of different groups of chemical compounds present in essential oils, it is most likely that their antibacterial activity is not attributable to one specific mechanism but that several targets in the cell (Carson et al., 2002) . Other authors investigated the antibacterial activity of the essential oils on various microorganisms and found that they are effective against almost all bacterial species, however the mechanism of the antibacterial activity of essential oils is still not entirely cleared (Carson et al., 2002) .
The antibacterial activity of essential oils not only depend on chemical characteristics of essential oils, but also on type of bacteria. Essential oils more effective against Gram positive bacteria than Gram negative bacteria (Hyldgaard et al., 2012) . Essential oils were found to be more effective against Gram positive bacteria, including MRSA and MSSA, than Gram negative bacteria. This evidence suggests the more effective permeability barrier Gram-negative bacteria possess may better restrict the penetration of amphipathic compounds than Gram positive microbes (Fisher and Phillips, 2009; Jolly and Menon, 2015; Mangena and Muyima, 1999; SmithPalmer et al., 1999) .
Many in vitro studies report a high efficacy of essential oils against food-borne pathogens and spoilage bacteria Elgayyar et al. (2001) ; Seydim and Sarikus (2006) & Yasin and Abou-Taleb (2007) .
In conclusion, it is suggested that Cinnamon, thyme and lemongrass oils can be used as natural meat preservatives with antimicrobial activities against food borne pathogens, and therefore may be useful in maintaining the meat quality, extending shelf-life of meat products, preventing economic loss and providing the consumer with food containing natural additives, which might be seen more healthful than those of synthetic origin. Further research is necessary to explore the efficiency and palatability of suitable concentrations of natural oils in meat industry. This may represent a valuable weapon against MRSA in food. The solution for data analysis and presentation graphics. 2 nd
REFERENCES
